Background: HIV treatment programs in Africa typically approach all enrolling patients uniformly. Growing numbers of patients are antiretroviral experienced. Defining patients on the basis of antiretroviral experience may inform enrollment practices, particularly if medical outcomes differ.
INTRODUCTION
In the last five years, there has been a substantial increase in the number of HIV-infected patients receiving highly active antiretroviral therapy (HAART) in resource-limited settings [1] . Concurrent with exponential enrollment rates has been the demonstration of clinical success; CD4 counts have risen and mortality rates have dropped dramatically [2] [3] [4] [5] . Considerable funding to expand HIV treatment clinics in sub-Saharan Africa has grown with an aim to increase comprehensive antiretroviral coverage for many.
The challenge for many antiretroviral treatment programs, however, has been how to sustain delivery of quality medical care to an ever increasing number and diversity of HIV-infected patients [6] . As global treatment efforts mature and more people receive life-long treatment for this chronic disease, progressively more patients who are already receiving HAART are switching to new programs for care, either to evaluate alternative programs, or to receive care closer to home [7] . Clinics must therefore care not only for new patients, but an increasing number who have received HAART previously and are antiretroviral-experienced. Thus, this group of patients is forming an increasing portion of the clinic population whose outcomes and needs may differ significantly from antiretroviral-naïve patients who have been the focus of the majority of studies citing clinical treatment success in resource-limited settings [8] [9] [10] .
Similarly, most treatment centers in resource-limited settings like sub-Saharan Africa have established clinic systems and protocols that assume HIV patients are naïve to antiretroviral care. Substantial effort is expended on counseling and initiating HAART despite overwhelming numbers of patients and limited administrative and physical infrastructures. Understanding the impact of prior HAART experience on clinical outcomes and initial presentation may therefore inform methods to optimize provision of care at these sites. Differing outcomes may inform implementation of new public health strategies that handle the treatment and flow of patients through resource-constrained clinics based on antiretroviral treatment experience.
This study describes antiretroviral-experienced patients continuing HAART (ARV-E) at the Coptic Hope Center for Infectious Diseases, a large HIV treatment clinic in Nairobi, Kenya, and compares them to antiretroviral-naïve patients initiating HAART at the clinic (ARV-N).
MATERIALS AND METHODS

Coptic Hope Center for Infectious Diseases
Institutional Review Boards (IRB) at the University of Washington and Kenyatta National Hospital (KNH) approved this study. The study was designed as a retrospective review of data from all adult patients enrolled at the Coptic Hope Center for Infectious Diseases in Nairobi, Kenya between January 2004 and August 2006. The Hope Center is a HIV clinic that offers free antiretroviral therapy, prophylaxis, and palliative care to any adult or child who is HIV-positive, regardless of prior HAART exposure or eligibility to receive HAART. Established in January 2004, the HIV clinic is administered by the Coptic Orthodox Mission in collaboration with the University of Washington. Services, supplies, and medications are supported by the President's Emergency Plan for AIDS Relief (PEPFAR) through a cooperative agreement from the US Centers for Disease Control and Prevention (CDC). The Hope Center is an urban clinic that primarily serves patients residing in Nairobi, but includes those living outside the city and throughout Kenya.
Clinic Protocols
Patients enrolling at the Hope Center were confirmed HIV-positive by an Elisa HIV antibody test and had a baseline CD4 count. Those who met criteria for initiating HAART per Kenyan national guidelines were given antiretroviral medications. Antiretroviral medications were free for all patients after October 2004. Eligible HAART patients included those who had CD4 counts < 200 cells/mm 3 and/or had World Health Organization (WHO) Clinical Stage IV disease. Those who did not meet criteria for HAART initiation, or were reluctant to begin therapy, were offered medical care, counseling, and free CD4 count testing every 6 months.
The first-line antiretroviral regimen prescribed by the Hope Center was lamivudine, stavudine, and nevirapine formulated as a fixed-dose generic combination pill taken twice a day. Other free antiretroviral medications offered by the clinic included zidovudine, didanosine, tenofovir, abacavir, efavirenz, and lopinavir/ritonavir. These additional medications replaced the first-line formulary based on medical need, drug-drug interactions, adverse effects, or antiretroviral failure. Patients on HAART were required to visit a clinician at least once every three months, and to pick up antiretroviral medications from the pharmacist every one to two months. Throughout the period of the study there were no interruptions in the supply of antiretroviral medications.
Mortality was determined by hospital medical records, or phone call from the social worker to friends and family designated by the patient to be emergency contacts. If a patient reported receiving HAART at any point prior to their first screening visit at the Hope Center, and continued to receive antiretroviral medications, then they were defined as ARV-E. ARV-N patients were those patients that had never been exposed to HAART prior to enrollment at the Hope Center, were eligible to receive HAART, and initiated antiretroviral therapy at the clinic. Those who had previously been given antiretroviral medications to prevent mother-tochild transmission of HIV were also classified as ARV-N.
Data Collection
Data were gathered from patients using paper forms that were electronically scanned into a computer database using Cardiff TeleForm (Vista, CA). Information from every patient visit was recorded on these forms by clinicians, nurses, counselors, social workers, and nutritionists. A data management team based at the Hope Center verified and cleaned the data upon scanning. Pharmacy visits and patient medication information were recorded at the time of patient visit by pharmacists using a Microsoft Access database system (Seattle, WA). This live pharmacy database system tracked drug inventory, monitored prescribing practices, and recorded patient attendance.
Statistical Methods
The Mann-Whitney U test was used to compare distributions of continuous variables, while the MantelHaenszel and Pearson chi-square tests were used to compare dichotomous and categorical variables respectively. The effect of antiretroviral treatment status at baseline on CD4 count and weight over time was evaluated using linear mixed effects models with random intercepts, random slopes, and an unstructured covariance matrix. A locally weighted scatterplot smoother was applied to scatterplots of CD4 and weight. The Kaplan-Meier method was used to analyze time to death; differences in curves were assessed using the logrank test.
Multivariate Cox regression models were developed to explore survival further. Models included age, gender, and WHO stage as a priori covariates. Exploratory models including income and education in addition to the a priori covariates were also developed. A test of proportional hazards was performed on the basis of Schoenfeld residuals to assure that the assumption of proportional hazards was met in the time to death analyses.
Statistical analyses were conducted using SPSS 14.0 (Chicago, IL) and STATA 10.0 (College Station, TX).
RESULTS
Study Population
A total of 4,411 adult patients enrolled at the Coptic Hope Center for Infectious Diseases between January 1, 2004 and August 31, 2006 (Fig. 1) . Of these, 1,054 (24%) had previously received HAART, 3,275 (74%) had never received HAART, and 82 (2%) had an unknown antiretroviral history at baseline. Nine hundred and sixty two antiretroviral-experienced patients (91%) continued care at the Hope Center and received HAART (ARV-E). Among the 3,275 patients who had not received HAART previously, 2,837 (87%) were evaluated by clinical and laboratory parameters: 1,687 (59%) were eligible to begin HAART and 1,150 (41%) were ineligible. Of those who were eligible, 1,307 (77%) initiated HAART at the Hope Center (ARV-N) and 380 (23%) did not.
Characteristics of ARV-E vs ARV-N
Comparing ARV-E and ARV-N revealed significant differences in demographic and behavioral characteristics between the two patient subgroups. ARV-E were older (median years, 39 versus 36, P < 0.001), and were more likely to have > 8 years of primary education (78% versus 64%, P < 0.001), and to earn > $150 per month (21% versus 16%, P < 0.001) than ARV-N ( Clinical characteristics and outcomes differed significantly between ARV-E and ARV-N. Median time to initiating HAART after enrollment was significantly shorter among ARV-E compared to ARV-N (median days, 0 versus 34, P < 0.001) ( Table 1) . At baseline, CD4 count (median cells/mm 3 , 193 versus 95, P < 0.001) was significantly higher among ARV-E than ARV-N. The rate of change in CD4 count over time differed between the two groups and the difference persisted over 12 months. The average change in CD4 count per month was 9.2 cells/mm 3 lower among ARV-E than ARV-N (95% CI, -11.4 --7.0) (Fig. 2) . At 12 months after enrollment, the median CD4 count of ARV-E was 246 cells/mm 3 compared to 203 cells/mm 3 among ARV-N (P < 0.001).
Weight was also significantly different between ARV-E and ARV-N at enrollment with baseline weight higher among ARV-E compared to ARV-N (median kg, 62 versus 57, P < 0.001) ( Table 1) . Over 12 months of follow-up, ARV-E gained less weight compared to ARV-N with the average rate of change in weight being 0.24 kg lower per month among ARV-E than ARV-N (95% CI, -0.35 --0.14) (Fig. 3) . At 12 months after enrollment, median weight between the two arms were not significantly different (median kg, 64 versus 64, P = 0.55) ( Table 1 ).
Mortality
Patients were followed for a median of 9 months [interquartile range (IQR), 4 -16 months] after enrollment, and 2,005 person-years of observation were accrued.
The overall rate of death was 3.9 deaths per 100 personyears. Among ARV-N the death rate was 5.6 deaths per 100 person-years (95% CI, 4.8 -6.4), while among ARV-E it was 2.3 deaths per 100 person-years (95% CI, 1.9 -2.8). Twelve-month mortality risk was significantly higher in ARV-N than ARV-E in both univariate (P = 0.001) (Fig. 4) and multivariate analyses that included age, gender, income, education, and WHO stage (HR, 0.39; 95% CI, 0.21 -0.72; P = 0.003). In a subset analysis, there was no significant difference in mortality between ARV-E and ARV-N (P = 0.38) in the first two months after enrollment, but between 2 and 12 months the probability of death among ARV-N was significantly greater than among ARV-E (P = 0.0004). At 12 months after enrollment, 5.6% (95% CI, 4.3 -7.4%) of ARV-N had died compared to 2.3% (95% CI, 1.4 -3.7%) of ARV-E.
DISCUSSION
In this study of patients attending a large HIV treatment clinic in Kenya, individuals who had used HAART prior to enrollment differed substantially from those who were HAART-naïve. Antiretroviral-experienced patients differed in sociodemographic characteristics from ARV-N patients, as well as in baseline CD4 counts, weight, and follow-up changes in these parameters. In addition, ARV-E clients were more likely to survive over 12 months than antiretroviral-naïve patients. These results are not surprising the efficacy of antiretroviral medications. However, current programs tend to approach all new clients in the same waywith standard adherence counseling sessions, scheduled visits and monitoring. Our study provides data regarding rates of CD4 change and weight change in ARV-E patients that contrasts with that in ARV-N. These data can be directly useful to clinicians and patients for forecasting typical course.
In addition, the mortality data provides support for targeted approaches based on antiretroviral experience -redirecting increased attention by the program to patients who are starting antiretrovirals for the first time by streamlining efforts for ARV-E clients entering the program. ARV-N patients had significantly lower CD4 counts at baseline compared to ARV-E. At risk for opportunistic infections, ARV-N had higher probability of death than ARV-E, particularly in the first 6 months after enrollment, a finding consistent with other studies demonstrating early treatment mortality in resource-limited settings [11] [12] [13] . A contributing factor in early mortality among ARV-N may also have been a longer period of time to start HAART compared to ARV-E, many of whom were continued on their previous regimens without delay, and may indicate that adherence counseling protocols should be adapted to initiate HAART sooner [14, 15] .
There are several recommendations for HIV clinics enrolling large numbers of HIV patients in resource-limited settings that may be drawn from this study. First, the same social support protocols for enrollment that apply to ARV-N patients may not be necessary for all ARV-E patients. ARV-E patients can be referred to these services only if indicated, saving potential time and space. Second, after medical screening, stable ARV-E patients can be immediately assigned to a less rigorous follow-up schedule with extended time intervals between each visit. Decreasing the frequency of visits by ARV-E patients may relieve the burden on medical and pharmaceutical staff who can thereby concentrate their efforts on more fragile, ARV-N patients. Third, clinics should limit the time between enrollment and initiation of HAART, particularly in ARV-N patients who may be more vulnerable due to their immunocompromised state. Lastly, more links between treatment programs may avoid duplicated efforts and facilitate transfer of medical information to provide the best care for patients transitioning between clinics.
There are a few limitations to this study. It is not known why ARV-E transferred their care to the Hope Center and whether there was any interruption in their treatment during transfer. Some patients were followed-up for less than 4 months in the clinic. The study included antiretroviralexperienced patients from 2004, many of whom had received HAART because they could afford it, and this group of individuals may not represent antiretroviral-experienced patients who, in recent years, have received free medications. However, our findings on the association between antiretroviral experience and survival remained in multivariate analyses that included income and education, which suggests that they are a result of antiretroviral experience rather than sociodemographic differences between groups.
The successes described thus far in the treatment of HIVinfected patients living in resource-limited countries have focused primarily on adult patients never before exposed to antiretroviral medications. As treatment efforts mature, this study indicates that clinical achievements as measured by improvements in CD4 count and weight may be less profound. This study suggests that it is necessary to recognize that the initial honeymoon phase of treating large numbers of ARV-N patients in areas such as sub- Saharan   Fig. (4) . Kaplan-Meier plot of survival by antiretroviral exposure at baseline. Time = time since enrollment.
Africa has passed and that population benefits may be less obvious as more patients reach a plateau in their response to treatment. Similarly, clinics will have to adjust to the new environment and respond to the fact that not only do millions of HIV-positive people require initiating antiretroviral medications for the first time, but millions are already receiving treatment. This is challenging since most clinics are guided by general medical protocols that apply to all patients, regardless of background, at enrollment.
Given the enormous number of patients who require antiretroviral treatment, the approach to HIV care in resource-limited settings has been on the scale of a public health endeavor. As a result, individual medical care has given way to delivering rapid, uniform care to many patients through generalized policies and public health guidelines. The limitation of a one-size-fits-all approach is that it cannot tailor strategies as well as intensive individualized systems that are usually more effective when treating chronic diseases such as HIV [16, 17] . The question becomes how to identify characteristics that may begin to help change clinic policies that can benefit groups of patients in a manner that is more specific to their needs.
This study demonstrates that it may be beneficial to identify patients at enrollment by prior HAART use. Patients defined by this term in this study bore similar clinical responses to treatment and counseling. Distinguishing between ARV-N and ARV-E patients at enrollment, antiretroviral treatment clinics in resource-limited settings may be able to cater their medical services accordingly and thereby improve overall medical outcomes.
